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(54) Packet switch device and scheduling control method 



(57) A packet switch device having a plurality of in- 
put buffers; a packet switch; a plurality of schedulers, 
having a pipeline scheduling process module wherein a 
plurality of time units corresponding to the number of 
output lines is spent in scheduled sending process of 
the fixed length packets from the input buffer, and 
wherein the scheduled sending process is executed in 
a number of processes, in parallel, the number of proc- 
esses corresponding to the number of the input lines, 
having a sending status management module wherein 
sending status of the fixed length packets which consti- 
tute one frame is managed for each of the input lines, 



and provided corresponding to any of the output lines; 
and at least one result notification module for notifying 
the input buffer of result information from the scheduled 
sending process performed by each of the plurality of 
schedulers. Further, in the scheduled sending process 
executed in a number of processes, in parallel, the de- 
vice does not select the input line sending the fixed 
length packets corresponding to the same frame, and, 
after determining a selection, the device maintains the 
selection of the same input line until the completion of 
sending the fixed length packets corresponding to the 
same frame. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a packet switch device 5 
for transmission of(including exchange, communica- 
tion, and forwarding, unless specifically limited) fixed 
length packets, which is applied in a broadband switch, 
a cross connect switch device, a router device, etc., and 
more particularly relates to an input buffer type packet 10 
switch device as one of the configuration methods of a 
large scale packet switch device. 
[0002] In further details, this invention relates, as a 
packet switch device (an ATM switch device) that per- 
forms switching of fixed length packets called cells, to a * 5 
packet switch device that enables efficient transmission 
of variable length packets such as IP (Internet Protocol) 
packets when they are input. 

[0003] Along with the spread of the Internet in recent 
years, the IP data traffic (including voice information) in *o 
IP communications network systems is increasing at a 
great rate. In several years it's considered that IP traffic 
will become the major part of the communication traffic. 
[0004] One element in this background is that, along 
with the progress of network technology, whose first ex- 
ample is bandwidth broadening of local area networks 
(LAN), and further examples in PC technology, such as 
the increasing functionality of personal computers (PCs) 
and speed increases of CPUs applied in PCs, it has be- 
come possible in practice to communicate not only data 
but also voice information between PCs across multiple 
LANs at high speeds. 

[0005] Based on this, application software for execut- 
ing voice communications, which conventionally were 
carried out by telephone, between PCs over the Internet 
constituted by leased lines, LANs, wide area networks 
(WANs), etc. and hardware which incorporates such 
software is being rapidly launched into the market. This 
system is a composite switching network system, or IP 
communications network system, which allows reduc- 
tion of equipment and operations costs by integrating 
telephone networks and IP packet networks such as the 
Internet. 

[0006] In a situation where, as described above, di- 
versification and expansion of the communications net- 
work infrastructure is taking place, corporations are en- 
deavoring to realize large-scale packet switch devices 
that are capable of transmitting IP packets in high vol- 
ume and efficiency in order to cope with the ever-in- 
creasing volume of communication traffic. 
[0007] IP packets are transmitted in the form of vari- 
able length packets. However; since strictly switching 
such variable length packets requires the processing of 
every byte, it is generally necessary to use a high-speed 
process, in which high-speed switching is difficult. 
[0008] Therefore, in a technique to switch variable 
length packets at a high speed, variable length packets 
are divided in a similar manner as cells into 53-byte, 



fixed length packets on which fixed packet switching is 
performed inside the packet switch device. However, 
when sending data from the packet switch device, it is 
necessary to reconstruct such divided, fixed length 
packets into the variable length packets of original 
lengths to transmit them. 

[0009] Here, two techniques of conventional packet 
switching devices are described with reference to Fig. 
1 , which shows forward variable length packets that are 
divided into fixed length packets. 

(1) The scheduler part (not illustrated), at the input 
interface part (input INF) having an input buffer part, 
performs scheduling for each of the divided fixed 
length packets without considering the frames (var- 
iable length data constituted by a plurality of fixed 
length packets is scheduled without considering 
how the fixed length packets relate to the frames) , 
and then inputs them to the packet switch (SW) as 
the common switch part. Furthermore, at the output 
buffer part provided for frame construction in the 
output interface part (output INF) in the stage after 
the packet switch (SW) , the scheduler waits for the 
packets in order to construct the frames (refer to 
Fig. 1 (A)). 

(2) The scheduler part (not illustrated), in the input 
interface part (input TNF) having an input buffer 
part, considering the frames, performs successive 
scheduling packets constituting the same frame, 
and then inputs them into the packet switch (SW). 
Furthermore, after performing switching by the 
packet switch (SW) on the frame unit, it sends the 
frames to the output lines (output route) through the 
output interface part (output INF) (refer to Fig. 1 
(8)). 

[0010] In the technique (1) above, since the frames 
are not considered upon scheduling, scheduling is exe- 
cuted in each of the fixed length packets. Therefore, a 
pipeline process can be applied to perform scheduling 
advanced from the next cycle arranging scheduling 
processes in parallel, giving it an advantage of an in- 
creased processing speed. On the other hand, at the 
output interface part, packets are sent by the frame, 
which makes it necessary to temporarily store the fixed 
length packets from each of the input lines (input route) 
to construct the frames. 

[0011] In a packet switch device adopting this tech- 
nique, buffer memories, corresponding to the number of 
the input lines, are required for each'of the output inter- 
face parts for constructing the frames. Therefore, a de- 
vice having a large scale of switching requires a large 
quantity of output buffer memories. 
[001 2] On the other hand, with regard to technique (2) 
above, switching by the frame has an advantage of not 
requiring output buffer parts for the reconstruction of 
frames in the output interface parts. However, in order 
to realize scheduling by the frame, it is prohibited for 
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other output lines to perform scheduling on an input line 
through which a frame is.sent. Furthermore, once an in- 
put line is determined, it is required to perform schedul- 
ing continuously until sending of a frame is completed. 
[0013] Therefore, upon scheduling, it is necessary to 5 
refer to the most up-to-date information as to which input 
line is currently sending a frame to which output line and 
it is not possible to perform advanced scheduling of the 
next cycle by arranging scheduling processes in parallel 
as in a pipeline process as describe above. As a result, 10 
a high speed scheduler part which executes scheduling 
of all lines within a unit of time is necessary, which is 
difficult to realize in a large scale packet switch device. 

SUMMARY OF THE INVENTION 15 

[0014] An object for the present invention is to pro- 
vide, in packet switch devices that perform switching of 
fixed length packets, a packet switch and a scheduling 
control method which make possible efficient transmis- z° 
sion of variable length packets when variable length 
packets such as IP packets are input. 
[0015] Another object for the present invention is to 
provide a packet switch device and a scheduling control 
method which, while reducing processing speed by uti- 25 
lizing a pipeline process, makes possible a scheduling 
process by frame. 

[001 6] The other object for the present invention is to 
provide a packet switch device and a scheduling control 
method which do not require output buffers for con- 30 
structing frames. 

[0017] To accomplish the above objects, a first packet 
switch device of the present invention comprises a plu- 
rality of input buffers, provided corresponding to any of 
a plurality of input lines, each of the input buffers having 35 
a buffer memory that is logically divided into queues cor- 
responding to a plurality of output lines, for temporarily 
storing packets, the packets being input via the corre- 
sponding plurality of input lines, into the buffer memory 
in a form of a fixed length packet, a packet switch for 40 
performing switching operations to send the fixed length 
packets which are sent from the plurality of input buffers, 
to one of the plurality of output lines, a plurality of sched- 
ulers, having a pipeline scheduling process module in 
which a plurality of time units corresponding to the 45 
number of the output lines is spent in a scheduled send- 
ing process the fixed length packets from the input buff- 
er, and in which the scheduled sending process is exe- 
cuted in a number of processes in parallel correspond- 
ing to the number of the input lines, and having sending so 
status management module which manages a sending 
status of the fixed length packets constituting one frame 
for each of the input lines, wherein the plurality of sched- 
ulers are provided corresponding to any of the output 
lines, and at least one result notification module for no- 55 
tifying the input buffer part of result information from the 
scheduled sending process performed by each of the 
plurality of schedulers; wherein in the scheduled send- 



ing process executed in a number of processes in par- 
allel the input line sending the fixed length packets cor- 
responding to the same frame is not selected, and 
wherein, after determining a selection, the selection of 
the same input line is maintained until the completion of 
sending the fixed length packets corresponding to the 
same frame. 

[0018] In a second packet switch device of the present 
invention, as according to the first packet switch device 
above, each of the schedulers further has a request 
management part for managing requested transfer in- 
formation of the fixed length packets stored in the input 
buffer for each of the input lines, and the pipeline sched- 
uling process module decides at the input buffer corre- 
sponding to the input line to send the fixed length pack- 
ets on the basis of the requested transfer information 
from the request management module, undetermined 
selection information inputted through a transmission 
medium annularly connecting between the schedulers, 
and sending status information inputted in the sending 
status management through a transmission medium 
connecting the schedulers with one another. 
[0019] In the first and the second packet switch devic- 
es of the present invention, the scheduling process is 
executed in a number (N) of processes in parallel cor- 
responding to the number of input lines. Furthermore, 
by referring to the sending status management where a 
frame sending status common to all schedulers are set, 
if self-scheduler is sending a frame, the selection of the 
same input line is continued; if not, it is intended that no 
input lines through which frames are being sent will be 
selected. As a result, it is possible to continuously read 
out fixed length packets constituting one frame. In addi- 
tion, process speed can be reduced by parallel process- 
ing. 

[0020] In a third packet switch device of the present 
invention, as according to the first packet switch device 
above, the result notification module has a control unit 
for controlling whether or not the input buffer is sending 
the fixed length packets that constitute one frame based 
on the result information from the scheduled sending 
process, and a discarding process unit, when notifying 
the result information in each of the plurality of sched- 
ulers to the corresponding the input buffers, for discard- 
ing the result information inputted from a different the 
scheduler while sending the fixed length packets that 
constitute a frame. 

[0021] In the third packet switch device of the present 
invention in parallel processing N processes, if a plural- 
ity of schedulers simultaneously performs scheduling 
for the same input line, in the result notification module 
(result changeover module), it is intended that schedul- 
ing results notified afterwards will be discarded so that 
there will be only one scheduling result that will be re- 
ported to the input buffer. Therefore, even if a collision 
occurs in each parallel processing, readout by the frame 
can be maintained. 

[0022] A fourth packet switch device of the present in- 
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vention, as according to the first packet switch device 
above, comprising a unit for providing the schedulers 
and the result notification modules corresponding to any 
of the output lines and for continuously connecting them 
in an expanded manner as the plurality of output lines 
increases. 

[0023] In the fourth packet switch device of the 
present invention, it is intended that the schedulers and 
the result notification modules will be positioned in a dis- 
tributed manner by each of output lines. Thus, when ex- 
panding the scale of the switch, by adding new sched- 
ulers and result notification modules, an online expan- 
sion of the scheduler will be possible. 
[0024] In a fifth packet switch device of the present 
invention, as according to the first packet switch device 
above, the fixed length packets includes the first packet 
constituting a frame and being divided in a plurality, and 
the second packets each constituting a frame, wherein 
a unit for adding a frame end identifier to each of the 
second packets is provided at the front stage of the input 
buffers. 

[0025] In the fifth packet switch device of the present 
invention, for fixed length packets such as ATM cells, 
etc. that do not require conversion to frames, it is intend- 
ed that information to indicate the last packet of a frame 
will be given. Therefore, in the schedulers, since these 
packets are treated as having uniform length frames, it 
is possible to process them in a unified manner without 
considering fixed length packets or variable length pack- 
ets. 

[0026] In a sixth packet switch device of the present 
invention, as according to the first packet switch device 
above, the pipeline scheduling process module manag- 
es, according to the QoS class, the requested transfer 
information sent from the input buffers, and the pipeline 
scheduling process performs the scheduling process for 
sending with respect to the QoS class selected based 
on the results of both QoS bandwidth control and QoS 
priority control in the output lines. 
[0027] In the sixth packet switch device of the present 
invention, it is intended that the requested transfer in- 
formation coming from the input buffers will be managed 
for each input line and for each QoS class. Furthermore, 
it is intended that scheduling will be performed on the 
QoS class selected through QoS control such as band- 
width and priority controls. Therefore, in the input buff- 
ers, it is possible to realize QoS control over the output 
lines of the packet switch, to limit the point of quality deg- 
radation to the input buffer only, and to easily realize 
controls such as call-reception control. 
[0028] In a seventh packet switch device of the 
present invention, as according to the first packet switch 
device above, each of the schedulers further has a toad 
observation module for counting the number of occur- 
rences of requested transfer information inputted from 
the input buffers within a predetermined time, and an 
observation result reflecting module for instructing the 
timing to notify the observation result to the pipeline 



scheduling process module, the timing being shifted by 
a unit of time for each of the input buffers, wherein the 
input buffer corresponding to the input line is selected 
according to the proportion of the number of occurrenc- 
5 es of the requested transfer information that is ob- 
served. 

[0029] The seventh packet switch device of the 
present invention comprises the load observation mod- 
ule for counting, the number of occurrences of request- 
to ed transfer information inputted from the input buffers 
by each input line, and it reflects the counted number of 
requests to the pipeline scheduling process module in 
a certain cycle. It is intended that the timing of reflection 
will be delayed by a unit of time for each of the input 
15 lines. Because of this, the timing of one reflection does 
not overlap with the timing of other reflections, which 
allows easy processing even if there are large number 
of input lines. 

[0030] In an eighth packet switch device of the 
20 present invention, as according to the packet switch de- 
vice above, for switching a frame of variable length data 
from input lines to output lines, the frames of variable 
length data being converted to a plurality of fixed length 
packets on each of which switching is performed, 

25 wherein a plurality of input buffers are provided, each of 
the plurality of input buffers corresponding to one of a 
plurality of input lines, and a scheduler is provided so as 
to schedule the fixed length packets generated from the 
same the frame so that the fixed length packets are con- 

30 tinuously read out until sending of the fixed length pack- 
ets to the same output line is completed, and wherein, 
according to the instruction from the scheduler, fixed 
length packets are read out from each of the input buff- 
ers and switched. 

35 [0031] The eighth packet switch device of the present 
invention allows successive readouts of fixed length 
packets constituting one frame. 
[0032] A first scheduling control method of the present 
invention comprises the steps of spending a plurality of 

40 time units corresponding to the number of the output 
lines in scheduled sending process the fixed length 
packets from the plurality of input buffers, and executing 
the scheduled sending process in a pipeline process ex- 
ecuted in a number of processes in parallel correspond- 

45 ing to the number of the input lines, wherein a plurality 
of input buffers are provided corresponding to any of a 
plurality of input lines, each the input buffer having a 
buffer memory that is logically divided into queues cor- 
responding to a plurality of output lines, and wherein the 

50 plurality of input buffers temporarily store packets, the 
packets being input via corresponding the plurality of in- 
put lines, into the buffer memory in a form of a fixed 
length packet, controlling, for each of the input buffer 
parts, the sending status of the fixed length packets con- 

55 stituting one frame, notifying the result information of the 
scheduled sending process to corresponding the input 
buffers, and in the scheduled sending process executed 
in a number of processes in parallel, not selecting the 
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input line sending the fixed length packets correspond- 
ing to the same frame, and, after determining a selec- 
tion, and maintaining the selection of the same input line 
until the completion of sending the fixed length packets 
corresponding to the same frame. 
[0033] In the first scheduling control method of the 
present invention, a similar effect as the first packet 
switch device above can be expected. 
[0034] A second scheduling control method of the 
present invention, as according to the first scheduling 
control method above, further comprising steps of man- 
aging, for each of the QoS classes, the requested trans- 
fer information sent from the input buffers, and perform- 
ing the scheduling process for sending with respect to 
the QoS class selected based on the results of both QoS 
bandwidth control and QoS priority control of the output 
lines. 

[0035] In the second scheduling control method of the 
present invention, a similar effect as the sixth packet 
switch device above can be expected. 
[0036] A third scheduling control method of the 
present invention, as according to the first scheduling 
control method above, further comprises steps of count- 
ing the number of occurrences of requested transfer in- 
formation inputted from the input buffers within a prede- 
termined time, instructing the timing to reflect the obser- 
vation result to the scheduling process for sending, the 
timing being shifted by a unit of time for each of the input 
buffers, and selecting the input buffer according to the 
proportion of the number of occurrences of requested 
' transfer information that is observed. 
[0037] In the third scheduling control method of the 
present invention, a similar effect as the seventh packet 
switch device above can be expected. 
[0038] A fourth scheduling control method of the 
present invention, in a packet switch device for-switch- 
ing a frame of variable length data from input lines to 
output lines, the frames of variable length data being 
converted to a plurality of fixed length packets on each 
of which switching is performed, comprises steps of 
storing the fixed length packets, input from a plurality of 
input lines, in an input buffer provided for each input line, 
scheduling the fixed length packets generated from the 
same frame so that the fixed length packets are contin- 
uously read out until sending of the fixed length packets 
to the same output line is completed, and reading the 
fixed length packets from the input buffer instructed by 
the scheduling. 

[0039] In the fourth scheduling control method of the 
present invention, a similar effect as the eighth packet 
switch device above can be expected. 
[0040] As described above according to the present 
invention, executing scheduling by the frame in parallel 
processing not only makes it possible to eliminate the 
buffer for construction of frames on the output line side, 
but also gives an expectation for reduction effect in 
processing speed. As a result, effective reception of var- 
iable length packets such as IP packets in high volume 



packet switch devices can be realized. 
BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0041] The foregoing and other features and advan- 
tages of the present invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description when tak- 
en into conjunction with the accompanying drawings 

10 wherein: 

Fig. 1 is a block diagram showing configurations of 

conventional packet switching devices; 

Fig. 2 is a block diagram showing a packet switch 

15 device as one embodiment of the present invention; 
Fig. 3 is a block diagram showing the basic config- 
uration of the scheduler parts shown in Fig. 2; 
Fig. 4 is a block diagram showing the basic config- 
uration of the result switching part shown in Fig. 2; 

20 Fig. 5 is a diagram for describing scheduling by the 
frame; 

Fig. 6 is a flowchart for describing processing steps 
of the request management part; 
Fig. 7 is a diagram for describing a pipeline sched- 
25 uling process; 

Fig. 8 is a diagram for describing a management 
method by a scheduler part; 
Fig. 9 is a flowchart for describing processing steps 
of scheduling; 

30 Fig. 10 is a diagram for describing control of dis- 
carding at a time of collision; 
Fig. 11 is a block diagram to show an example of 
an extended configuration of the scheduler; 
Fig. 1 2 is a block diagram to show another example 

35 of an extended configuration of the scheduler; 

Fig. 13 is a diagram for describing mixed reception 
of variable length packets and fixed length packets; 
Fig. 14 is a diagram for describing QoS control; 
Fig. 15 is a block diagram to show configuration of 

40 a scheduler part having QoS control function; 

Fig. 16 is a flowchart for describing processing 
steps of QoS control; 

Fig. 17 is a block diagram to show configuration of 
a scheduler part having load observation function; 
45 Fig. 18 is a diagram for describing operation by the 
load observation part; and 
Fig. 19 is a flowchart for describing processing 
steps of load observation control. 

50 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] Embodiments of the present invention will be 
described referring to the drawings. 

55 

Overall Configuration 

[0043] Referring to Fig. 2 which shows the overall 
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configuration of a packet switch device as one embod- 
iment of the present invention, an input buffer type pack- 
et switch device comprises: a plurality of (N) input buffer 
parts 1, a packet switch of input N x output M matrix 
(common switch) 2, a plurality of (M) schedulers 3, and 
a result switching part 4. 

[0044] Here, an input buffer part 1 of the N number of 
input buffer parts 1 are provided to each of the N input 
interface parts (Input INF in Fig. 5) , which correspond 
to the plurality of (N) input lines (input route). The M 
scheduler parts 3 and the result switching part 4 consti- 
tute the scheduler (scheduling control device) 5. The 
plurality of (M) output lines (output route) from the pack- 
et switch of NxM matrix 2 is received by the output in- 
terface part (Output INF in Fig. 5). 
[0045] Each input buffer part 1 performs buffering of 
fixed length packets (hereafter written as "packets" un- 
less it is necessary to specifically indicate) from the cor- 
responding input line for each of the logical queues 
(FIFO buffer memories) corresponding to the M output 
lines. The packet switch 2 as the core switch performs, 
according to the routing bit of the packet header, switch- 
ing of the packets read out from the input buffer parts 1 . 
[0046] Each of the scheduler parts 3, when receiving 
sending requests (requested transfer information) from 
the input buffer parts 1, controls readouts to avoid colli- 
sions in the output lines of the packet switch 2. The result 
switching part 4 notifies the scheduling result (schedul- 
ing result information) for each of the output lines re- 
ceived from the scheduler parts 3 to the corresponding 
input buffer parts 1 . The output interface part has a log- 
ical multiplexing division (DMUX) for the low speed 
lines. 

[0047] In the input buffer type packet switch device 
described above, while realizing low memory access 
speed as a basic feature of an input buffer type packet 
switch device configuration by providing to each of the 
input buffer parts 1 logical queues for each of the output 
lines, it is possible to avoid HOL (head of line) blocking. 
In addition, since the memory access speed is low, gen- 
eral purpose RAMs can be applied to the input buffer 
parts 1 and a large capacity buffer memory can be re- 
alized. 

Basic Configuration of the Scheduler Part 

[0048] Each of the scheduler parts 3 mentioned 
above adopts the basic configuration as shown in Fig. 
3. The M number of scheduler parts 3, each of which is 
provided corresponding to one of the M number of out- 
put lines, have the same configuration. In each sched- 
uler part 3, the request management part 31 controls, 
for each of the input lines (#0 ... #N-1), requested trans- 
fer information sent from the input buffer parts 1. The N 
scheduling process parts (#0... #N-1) 32 process 
scheduling for an output line, to which one processing 
part correspond, in N processes, in parallel. The frame 
sending status management part 33 manages the input 



line number and the output destination (output line 
number through which a frame is currently sent) during 
the sending of a frame. 

[0049] The scheduling result notification part 34 
5 holds, for each sequence (pipeline process) , the sched- 
uling result information determined by the scheduling 
process part 32, and it sends the scheduling result in- 
formation (including input line number and scheduler 
number) to the result switching part 4 at predetermined 
10 time. In Fig. 3, DIS is a distributor part and SEL is a se- 
lector. 

[0050] The scheduling process part 32 determines 
the input line through which packets are sent based on 
the undetermined selection information input through 

15 the link annularly connecting the scheduler parts, the 
frame sending status information input to the frame 
sending status management part through the bus con- 
necting the scheduler parts 3 with one another, and the 
* requested transfer information sent from the input buffer 

20 parts 1 . 

Basic Configuration of the Result switching part 

[0051] The result switching part 4 mentioned above 
25 adopts the basic configuration as shown in Fig. 4. In the 
result switching part 4, the switch part 41 performs 
switching of the scheduling result information including 
input line number and scheduler number which is input 
from the scheduler part 3 to the route for the input buffer 
30 part 1 which is to be notified. The frame sending man- 
agement parts 42 are provided in a quantity N corre- 
sponding to the number of input buffer parts 1. Each 
frame sending management part 42 manages whether 
or not the corresponding input buffer part 1 is sending 
35 a frame. 

[0052] The discarding processing part 43 is provided 
in a quantity N corresponding to the number of input 
buffer parts 1. Each discarding processing part 43 dis- 
cards scheduling result information according to the in- 

40 struction of the frame sending management part 42. The 
result switching part 4 notifies scheduling result infor- 
mation from scheduler parts 3 to each input buffer part 
1, and at the same time, if a request is input from a dif- 
ferent scheduler part 3 while a frame is being sent, it 

45 performs collision control by discarding such a result. 

Scheduling Process 

[0053] Referring to Fig. 2 and Fig. 5 together, a de- 
50 scription will be given concerning the control where a 
plurality of fixed length packets constituting one frame 
is successively read out. 

[0054] Each of the input buffer parts 1 provided in the 
input interface part (input INF) of the input buffer type 
55 packet switch device has a plurality of logical queues 
(FIFO buffer memories) logically divided for each of the 
output lines (output route) . If the scheduler part 3 per- 
forms scheduling without considering the frame, as 
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shown in Fig. 5 (A) , on one output line of the packet 
switch (SW) 2, the constitution of a frame will be broken 
due to the packets arrived from other input lines. 
[0055] In order not to break the constitution of frames, 
as shown in Fig. 5 (B), when the sending of packets from 5 
one input line to one output line is started, scheduling 
must be performed in such a way that the packets from 
the same input line are always sent to the same output 
line. 

[0056] For this reason, the scheduler part 3, for an in- 10 
put line which has been determined once, performs the 
continuous scheduling of packets from the same input 
line until all of such packets constituting one frame are 
completely sent. At the same time, while an input line is 
in an undetermined condition (unscheduled), the sched- *s 
uler does not select an input line through which packets 
that constitute one frame are already being sent (here- 
inafter written as "a frame is being sent"). 
[0057] Next, the specific scheduling process will be 
described. Here, for simplicity, the description is based 20 
on the input buffer type packet switch device 1 which is 
of four input-four output configuration. 
[0058] Referring to Fig. 2 and Fig. 3 together, when 
the output line number in the requested information 
which is input (arrived) from the input buffer part 1 25 
matches self-scheduler number, the request manage- 
ment part 31 of the scheduler part 3 manages the 
number of requests by incrementing (+ frame length) the 
counter corresponding to the input line number (can be 
judged from the input port number in the requested in- 
formation), further by, based on the scheduling process, 
decrementing (-1) the counter corresponding to the in- 
put line which is determined. 

[0059] Then, the request management part 31 judges 
that a request for scheduling exists when the number of 
the requests for one input line exceeds one. Requested 
information consists of: an output line number, a QoS 
class, and frame length, and the request management 
part is notified when the last fixed length packet arrives 
at the input buffer part 1. 

[0060] Referring to Fig. 6 which shows the operation 
flow of the request management part 31, the request 
management part 31 judges whether there is an arriving 
event of requested information from the input buffer part 
1 or an ending event of scheduling from the scheduler 
part 3 (processing step S61) . Next, if the requested in- 
formation has arrived from the input buffer part 1 , it judg- 
es whether the arrived information is for self-scheduler 
(itself) or not by comparing the output line number Out- 
No., and with preset scheduler number SCH-No. (S62) . 
[0061] If the arrived information is not for its schedul- 
er, it ends the process; if it is for self-scheduler, it incre- 
ments (+ frame length) the request management coun- 
ter, Req. cnt, corresponding to the input line number of 
the requested information. Next, it sets the flag for each 
input line showing more than one requests; in other 
words, it sets "1" to the number of requests presence/ 
absence indication register, Req. reg, (S64) 



[0062] On the other hand, upon an occurrence of an 
ending event of scheduling from the scheduler part 3 
(S61), it decrements (-1) the request management 
counter Req. reg, corresponding to the determined input 
line (S65) (scheduled). Performing a "0" judgment of the 
content of the request management counter Req. reg, 
if the counter value is Tor greater, the process is end- 
ed) if it is "0", it clears the flag to show presence or ab- 
sence of number of requests. In other words, it sets "0" 
to the number of requests presence/absence indication 
register Req. reg, (S66, S67) 

[0063] Next, the scheduling process part 32 of the 
scheduler part 3, as indicated by the time slot diagram 
shown in the upper part of Fig. 7, realizes a scheduling 
process once by spending four time units and perform- 
ing four processes in parallel. The scheduler number 
and the pipeline sequence as the subject of scheduling 
are given according to the process sequence common 
to all the schedulers (the time slot diagram in the upper 
part of Fig. 7), In this example, at time T=a, the process- 
es of the pipeline sequence #0 of the output line #2, the 
pipeline sequence #1 of the output line #1 , the pipeline 
sequence #2 of the output line #4, and the pipeline se- 
quence #3 of the output line #3 will be executed in par- 
allel. 

[0064] When the scheduler part 3 receives an instruc- 
tion for scheduling, it performs scheduling by referring 
to the undetermined selection information, the request- 
ed information, and the frame sending status informa- 
tion. All such information is stored in the bit-mapped reg- 
isters corresponding to each of the input lines. 
[0065] The undetermined selection information is 
stored in the register indicated as "A" in Fig. 7, and "0" 
or "1 " is used to express if that input line is undetermined 
or already determined. The requested information is 
stored in the register indicated as "B" in Fig. 7, and, to 
express presence or absence of requests, "1" is set for 
the input line for which the number of requests in the 
request management part 31 is more than one. The 
frame sending status information is stored in the register 
indicated as "C" in Fig. 7, which is set by the frame send- 
ing status management part 33 to indicate whether a 
frame is being sent ("1") through each input line. 
[0066] Next, the frame sending status management 
part 33 of the scheduler part 3 has a bit mapped register 
(the initial value being "0") to show the above frame 
sending status corresponding to each of the input lines. 
When the bit of this register corresponding to the input 
line determined by scheduling is "O" ( n 0 n part scheduling 
for the first packet of a frame), "1" is set to the register. 
When scheduling for the last packet of a frame is per- 
formed, this bit is cleared, with this register, it is possible 
to find that input lines for which "1" is set by this register 
are the lines through which a frame is being sent 
[0067] Whether certain scheduling is for the last pack- 
et of a frame or not can be found by the process shown 
in Fig. 8. This process is executed in the frame sending 
status management part 33 and has the start pointer SP, 
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and the end pointer EP, corresponding to each of input 
lines, and a link table in which frame lengths are set. 
[0068] This link table plays the roll of a frame length 
counter, where the start pointer, SP, and the end pointer, 
EP, each indicates the starting address and the ending 
address, respectively, for each input line in the link table. 
Frame length for each input line is managed in the link 
table, and the frame length value is decreased when 
scheduling is determined. When the value becomes n 0 n , 
such scheduling is regarded as that for the last packet 
of the frame. 

[0069] To describe the operational example more 
specifically, let us think that requested information of 
frame lengths "2-*5->3" has arrived for input line #0 and 
requested information of frame lengths "3-^5" has ar- 
rived for input line #N-1 and that such information is set 
in the link table. 

[0070] Now, consider that input line #0 is determined 
as a result of the scheduling process. In this case, re- 
ferring to the start pointer SP of the corresponding input 
line, the value "a" indicated by the start pointer SP is the 
address in the link table; then the frame length informa- 
tion is referred to and updated (reduced by one) (refer 
to Fig. 8 (A)), 

[0071] In the next scheduling cycle, when input line 
#0 is selected again and reduction in the link table is 
carried out, similar to the above processing, the frame 
length become "0". By this value "0" for the frame length, 
it is judged whether scheduling is for the last packet of 
the frame or not, and the frame sending status register 
for input line #0 is cleared. Then, the start pointer, SP, 
for input line #0 is updated to the value that is set in the 
field "Next" (refer to Fig. 8 (B) ) . 
[0072] Further, when new requested information ar- 
rives, the frame length and the next address is written 
to the address indicated by the end pointer EP, and the 
end pointer EP is updated (refer to Fig. 8 (C)). By re- 
peating the above process, it is judged whether sched- 
uling is for the last packet of the frame or not (refer to 
Fig. 8 (D)). 

[0073] Now, in the above operation example, the 
process shown in Fig. 8 is performed by the frame send- 
ing status management part 33 of the scheduler part 3, 
however, it can be executed by the input buffer part 1. 
In that case, the above process is performed when a 
packet is sent from the input buffer part 1, and when a 
packet is judged as the last of the frame, information as 
such is sent to the frame sending status management 
part 33 of the scheduler part 3 together with requested 
information. 

[0074] Next, referring to Fig. 7 scheduling operation 
by the frame is described. It is assumed that, at time 
T=a, all input lines are undetermined, scheduler part #1 
and scheduler part #2 have both received requested in- 
formation from all the input lines, and all input lines are 
in such a state that frames have not yet sent. 
[0075] SRR (Sequential Round Robin) method can be 
adopted as the scheduling algorithm. This SRR method 



give the priority for each of input buffer parts, and then 
determine which logical queue corresponding to which 
output line readouts in an input buffer have a high order 
of priority based on the round robin control executed ac- 

5 cording to input load. The orders of priority are given to 
the input buffer parts for each time slot in a certain se- 
quence. For the details of this scheduling algorithm, 
Japanese Patent Application No. Hei-1 0-355888 (De- 
cember 15, 1998), Japanese Patent Application No. 

10 Hei-1 0-245331 (August 31, 1998), etc. can be referred . 
to. 

[0076] Based on this scheduling algorithm, one 
among those undetermined input lines, in which re- 
quested information was provided and no frame was 
15 sent out is selected. That is, the first detected input line 
that is searched for from input lines indicated by the 
pointer, and can meet the above-mentioned conditions 
is selected. 

[0077] In the example shown in Fig. 7, it is assumed 
20 that scheduler part #2 has selected input line #3. As a 
result of that, "1" is set to both register C of the frame 
sending status information and register A of the unde- 
termined selection information where each of these reg- 
isters corresponds to input line #3, and the input line 
25 number for which scheduling is determined is held. 
Hereafter this holding register is referred to as the 
scheduling register. Further, in parallel to the above, 
scheduler part #1 selects input line #2 in a similar way 
as above, and updates each of register C of the frame 
30 sending status information, register A of the undeter- 
mined selection information, and the scheduling regis- 
ter. 

[0078] On the next scheduling process, if the sched- 
uling register has been already set, the set input line is 

35 selected. Furthermore, if it has not been set, scheduling 
is performed for a line among those input lines undeter- 
mined and requested through which no frames are be- 
ing sent, that is the frame sending status information 
register C is "0". 

40 [0079] In this example, since the scheduling register 
is set during the previous scheduling process, on the 
next scheduling process, the input lines which are set 
in the scheduling register are selected. In other words, 
scheduler part #2 will select input line #3 and scheduler 

45 part #1 selects input line #2. In addition, when a notifi- 
cation of the last frame is received from the frame send- 
ing status management part 33, this scheduling register 
is cleared. 

[0080] As a matter of course, in a scheduling process 
50 for scheduler part #4 and scheduler part #3, it is not pos- 
sible to select either input line #2 or input line #3 for ei- 
ther of which the frame sending status information is set, 
[0081] In the processes as explained above, since 
successive scheduling for one frame is performed for 
55 one input line and no input line through which a frame 
is being sent is selected, readouts by the frame are re- 
alized and high throughput is achieved. 
[0082] Fig. 9 shows the flow of scheduling process. In 
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a scheduling process, first it is judged whether the frame 
sending (frame being sent) flag is set or not (processing 
step S91) . The flag initially is in reset status, therefore, 
judgment process of scheduling mode is performed in 
S92. 5 
[0083] If it is not in load observation mode (load rea- 
dout mode) , an input line is selected from among those 
that are undetermined, a request exists for, and no 
frame is being sent through (S94). If it is in load obser- 
vation mode, an input line is selected from among those 10 
that are undetermined, a request exists for, no frame is 
being sent through, and those for which the content of 
the accumulation counter (LD. reg in Fig. 19) is greater 
than one (S95). 

[0084] Next, in 596, the determined input line that is is 
selected is held as the input line that a frame is being 
sent through and, in S97, the frame sending flag is set, 
Then, in 598, it is judged whether it is the frame end. If 
it is the frame end, the frame sending flag is cleared and 
the process is terminated (S99). 20 
[0085] On the other hand, if it is not the frame end, in 
the next scheduling process, the judgment of S91 is per- 
formed again. Here, since the frame sending flag has 
already been set, in 593, the input line that has been 
held in S96 is selected. Then, following the process of 25 
setting the frame sending flag in S97, judgment of frame 
end is performed in S98; after that, the process above 
is repeated until frame end is reached. 
[0086] The scheduling results of the above process 
are held for each pipeline sequence, and the end of each 30 
pipeline sequence (slots indicated by the bold lines in 
Fig. 7), the results are reported to the result switching 
part 4, and the result information of readout instruction 
is notified to the determined input buffer part. 
[0087] In the scheduling process explained above, 35 
the scheduling results determined at the same time dif- 
fered. A process where scheduling is performed for the 
same input line is explained by referring to Fig. 10. 
[0088] Normally, since the undetermined selection in- 
formation is referred to, it is never the case for scheduler *o 
part 3 corresponding to different output lines to select 
the same input line. However, as explained above, in 
undetermined status, it is possible to select the same 
input line depending on scheduling process since all in- 
put lines to all scheduler parts are notified as undeter- 45 
mined. 

[0089] In the example shown in Fig. 1 0, at time T = b, 
scheduler part #2 and scheduler part #1 are performing 
scheduling to the same input line #N-1 . The result of this 
scheduling is held for each pipeline as explained above, so 
and is notified to the result switching part 4 at the end 
of pipeline process. Therefore, the result of pipeline se- 
quence #0 is notified at T = d, and the result of pipeline 
sequence #1 at T = e. In other words, the scheduling 
result of scheduler part #2 is notified to the result switch- 55 
ing part 4 before the scheduling result of scheduler #1 . 
[0090] The result switching part 4 comprises the 
frame sending management part 42 (refer to Fig. 4) sim- 



ilarto the frame sending status management part 33 (re- 
fer to Fig. 3) of each scheduler part 3, and manages 
whether a frame is being sent through each of the buffer 
input parts 1 by the control as below. 
[0091] In other words, the result switching part 4, 
when new scheduling result information arrives from the 
scheduler part 3, sets "1" to the register for frame send- 
ing management and clears it when the result for the 
last packet of the frame arrives. The result switching part 
4 regards the period during which "1" is set as frame is 
being sent. The result switching part 4 is not required to 
perform frame length management control as in the op- 
eration example above. In this case, the result judged 
by the scheduler part 3 (whether scheduling is for the 
last packet of the frame or not) is notified to the result 
switching part 4 together with the scheduling result. The 
result switching part 4 manages the above frame send- 
ing status based on the information. 
[0092] In the result switching part 4, at time T = d, 
based on the arrival of result from scheduler #2, the 
frame in-sending flag ("I") is set to the frame sending 
management register for input line #N-1 and, at the 
same time as that, the scheduler number (#2) is held. 
When, at time T = e, the scheduling result for input line 
#N-1 arrives from scheduler #1, the frame sending sta- 
tus information and the scheduler number are checked. 
When a frame is being sent ("1") frame sending man- 
agement part #N-1 , and the held scheduler number and 
arrived scheduler number are different, instructs the dis- 
carding processing part 43 (refer to Fig. 4) to discard the 
arrival result (scheduling result). 
[0093] In this example, since the held scheduler 
number is #2 and the arrived scheduler number is #1 , 
the scheduling result arrived from scheduler #1 is dis- 
carded. After discarding, the result switching part 4 no- 
tifies the scheduler part 3 of the discard. At this time, the 
scheduler part 3 does not execute the process which is 
performed when scheduling is completed (such as dec- 
rementing the number of requests). 
[0094] As shown above, even when scheduling is per- 
formed to the same input line at the same time, other 
scheduling result than the first one that is notified to the 
input buffer part 1 will not be notified to the input buffer 
part 1, therefore, readout for each frame is possible. 

Extended Configuration of Scheduler 

[0095] Next, a method of extended configuration of 
the scheduler 5 shall be explained referring to Fig.11. 
The scheduler part 3 can be provided for each output 
line of a packet switch. In this case, to avoid highly in- 
creased volume of information between the input buffer 
part 1 and the scheduler part 3 (notifications of requests 
and scheduling results) , it adopts a configuration such 
that requested information from each input buffer part 1 
(Req #0 ... Req #N-1 ) is received by one scheduler part 
3 and then notified to other scheduler parts 3. Further, 
the scheduling result information (Ack #0 ... Ack #N-1) 
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is also notified only by way of the result switching part 
4 instead of each scheduler part 3 notifying. 
[0096] Each scheduler part 3 corresponding to an out- 
put line comprises input highway (Hw) for scheduling re- 
quested information and extended output highway 
(HW) . By outputting scheduling requested information 
as the way it is received, requested information is noti- 
fied to each scheduler part 3. Further, by providing, cor- 
responding to each output line, the result switching part 
4 to notify the input buffer part 1 of scheduling results, 
the result switching part 4 is formed which has a 1xN 
configuration consisting of one input highway, N output 
highway, and N extended input highway. 
[0097] Upon extension, adding the scheduler part 3 
and the result switching part 4 in a set (areas surrounded 
by the dotted lines in Fig. 11) enables extension of the 
scheduler (scheduling control device) 5. Furthermore, 
such extension can be made as necessary without stop- 
ping the parts currently in operation which makes in- 
service additions possible. 

[0098] In the above extension example, the extended 
output highway is provided in the scheduler part 3. How- 
ever, as shown in Fig. 12, a bus configuration can be 
adopted where the same requested information is 
branched to each scheduler part 3. 

Mixed Reception of Variable Length Packets and Fixed 
Length Packets 

[0099] Next, explanation is given, referring to Fig. 13, 
about a configuration example of input buffer type pack- 
et switch device where mix of variable length packets 
and fixed length packets is received. For example, fixed 
length packets such as ATM (Asynchronous Transfer 
Mode) cells do not need to construct frames when out- 
putting them from a packet switch device. A case is ex- 
plained about mixed reception of such fixed length pack- 
ets not requiring conversion to frames and variable 
length packets such as IP packets requiring conversion 
to frames 

[0100] If reception service differs for each interface 
(input interface part) , for such interface not requiring 
conversion to frames in receiving ATM cells, the packet 
type assignment part 6 which assigns to all packets an 
identifier meaning the last packet of the frame is provid- 
ed in such as input interface part. This identifier can be 
easily realized by using an idle area of the packet header 
or providing a different route for notification to the sched- 
uler part. As a result, in the input buffer part 1 or sched- 
uler 5, a fixed length packet can be regarded as a vari- 
able length packet with a frame length = 1 for processing 
it, which makes it unnecessary to change the scheduling 
process considering the service, 
[0101] Variable length packets are divided into fixed 
lengths in the front stage of the packet type assignment 
part 6. Each of the divided packets is assigned a header 
for within the device except for the last packet of one 
frame to which a frame end identifier is assigned by the 



packet type assignment part 6. Therefore, a mix of data 
packets of various services can be received in the same 
switch. 

[0102] In the example explained above, it is decided 
whether to assign a frame end identifier for each inter- 
face type. However, in the case where packets of a plu- 
rality of services are received by the same interface, it 
is possible to decide whether to assign a frame end iden- 
tifier to all packets for each service by distinguishing the 
service types. Here, each of other elements of configu- 
ration of the input buffer type packet switch device can 
adopt the configuration shown in Fig. 2 or other exam- 
ples explained above. 

Scheduler Part with QoS Control Function 

[0103] Next, a method of QoS control configuration 
shall be explained by referring to Figs. 14, 15, and 16. 
[0104] In general, as shown in Fig. 14 (A) , QoS con- 
trol is executed so that QoS is guaranteed in the output 
lines of an input buffer type packet switch device. QoS 
control performs shaping (limitation of bandwidth) of 
output data to the bandwidth predetermined for each of 
the QoS classes, to guarantee quality of each service 
class by guaranteeing from "best effort" service to "guar- 
anteed" service which places more importance in band- 
width and delay, and send QoS classes placing impor- 
tance in delay are sent out with priority to guarantee the 
quality of each QoS class. 

[0105] In a buffer input type packet switch device, 
since basically it does not have buffer part on the output 
side, QoS guarantee on the output lines of the switch 
device is realized by performing QoS control of the out- 
put lines in advance and then performing scheduling 
process when packets are read out from the input buffer 
part. 

[0106] Here, a case of performing QoS control in the 
scheduler (scheduling control device) shall be ex- 
plained. Referring Fig. 15, the scheduler part 3 of the 
scheduler manages, in the request management part 
31 , requested information received from the input buffer 
part 1 for each input line and each of QoS classes, The 
QoS control part 35 satisfies the preset bandwidth and 
decides the QoS class to be output according to the or- 
der of priority of the priority control. 
[0107] In the scheduling process part 32, scheduling 
process is executed based on the requested information 
of the designated QoS class. For example, for output 
line #a, QoS class #0 is the highest in the order of priority 
and QoS class #1 is the next highest. Because QoS 
class #0 is the first in the priority, if a request is made 
for QoS class #0, the QoS class subject of scheduling 
is decided as QoS #0. If there is no request for QoS class 
#0, QoS #1 is the QoS class subject of scheduling. 
[0108] When performing bandwidth control, with us- 
ing the circuitries (for example, a leaky bucket circuitry) 
for which a readout instruction is given in the set band- 
width (=1 /interval of bandwidth) check whether each 
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QoS class satisfies the interval of sending. QoS class 
with high priority among the QoS classes satisfying the 
interval of sending is the QoS subject of scheduling. 
[0109] As shown above, when reading out packets 
from the input buffer part 1, performing scheduling by 
reflecting the QoS control result of the output lines can 
realize QoS guarantee of the output lines even without 
a buffer part on the output line side, and limit the point 
of quality degradation to the input buffer part 1 only. This 
makes need for processes such as call-reception con- 
trol limited to the input buffer part 1 only, and holds a 
merit to ease controls such as call-reception control. 
[0110] Furthermore, as shown in Fig. 14 (B), in a case 
where a logical multiplexing part (DUMX) for low speed 
lines exists on the output side of the packet switch de- 
vice, in other words the output interface part (output 
INF) , a control similar to above can be realized. 
[0111] In this case, in the request management part 
31 of the scheduler part 3, requested information is man- 
aged for each of the output ports of the DMUX (#0 ... # 
j-1) , each of the input lines (#0 ... #N-1), and each of 
the QoS classes (QoS #0 ... #q-1). The request man- 
agement parts 31 are provided at a quantity of 31 cor- 
responding to the number of output ports. Before per- 
forming scheduling, a DMUX port for scheduling is de- 
cided first. For example, in case of a DMUX of mod. 4, 
DMUX ports are selected, with four time units as one 
cycle, in the order as: port 1 -» port 2 -» port 3 -> port 
4-» port 1 ->port2... 

[0112] The scheduling process part 32 performs 
scheduling for the designated port number (#0 ... #j-1) 
using requested information of QoS class (QoS #0 ... 
#q-1 ) instructed by the QoS control part 35, and by doing 
so, QoS guarantee is realized when accommodating 
low speed lines. 

[0113] The QoS control flow is shown in Fig. 16. 
Processing steps S1601, S1602, and S1603 indicate 
the leaky bucket process for each of the QoS classes. 
In S1601, added value a (in this case, +1) is added to 
the leaky bucket counter (LBC) of each of the QoS class- 
es. In S1602 and S1603, the QoS classes are changed 
to perform the process for each QoS class. 
[0114] lnS1604, it is judged whether the value of LBC 
exceeds the set threshold value (TH = 0) . In a state 
where this threshold value is exceeded, the indication 
is that readouts are possible at a certain rate, and the 
flag is set to T as readable QoS and the LBC is dec- 
remented (-b) in S1605. The subtracted value b of LBC 
is obtained by dividing by the rate of the line and the 
QoS rate of the line. 

[0115] When LBC falls short of the threshold value, 
the flag is set to n 0" in S1 61 0. Then flag judgment is per- 
formed in S1607. If the flag is set to "1", a scheduling 
process is performed in S1611; otherwise, the QoS 
class (q) is changed in S1608 and the process is repeat- 
ed from S1604. 

[0116] S1606 and S1609 are both judgment steps to 
end the process in case all QoS classes are below the 



threshold value. After performing the number of proc- 
esses worth the number of QoS classes, transition is 
made to end the process. 

[0117] On the other hand, if the flag is judged as "1" 
5 by the flag judgment in S1607, in S1611, scheduling 
process of the QoS for which this flag is set to "1" is 
performed. Then, in S1612, it is judged whether it is de- 
termined by the above scheduling process. Further- 
more, if determined, the process is ended; if not deter- 
to mined, the process is repeated from S1604 by way of 
S1613. In S1612, judgment if j > Q is made. This is a 
step to end the process when all QoS classes are un- 
determined. 

15 Scheduler Part Having Load Observation Function 

[0118] Next, a scheduler part having load observation 
function is explained by referring to Fig. 17, Fig. 1 8, and 
Fig. 1 9. This is for knowing if packets arrive in an uneven 

20 load condition from a plurality of input lines to an output 
line, selecting the input lines evenly reduce the through- 
put of those input lines with higher loads. To avoid such 
reduction of throughput, input lines are determined ac- 
cording to their loads. 

25 [0119] Referring to Fig. 17 which shows a configura- 
tion example of a scheduler part having a load observa- 
tion function, the load observation part 36 of the sched- 
uler part 3 counts the occurrence of requested informa- 
tion arriving from the input buffer part within a predeter- 

30 mined time for each of both the input lines and the QoS 
classes. Then, the load observation part 36, after elapse 
of the predetermined time, reflects the observation re- 
sults to the load readout control part 37. The load read- 
out control part adds the observation results to the ac- 

35 cumulation counter (details provided later) in certain cy- 
cle, and has a counter (details provided later) , for each 
of both the input lines and the QoS classes, from which 
the value "1" is subtracted on each scheduling. 
[0120] Therefore, if the reflection timing above is com- 

40 mon to all input lines, since the processes of addition to 
the counters will take place all at once, it is necessary 
to prepare the accumulation counters individually (in 
parallel) in relation to the processing speed. 
[0121] The observation result reflection instruction 

45 part 38 gives instructions to the load observation part 
36 shifting the reflection timing by certain unit of time for 
each of the input lines. By this control, the timing of any 
reflections do not overlap with one another for any input 
line, which allows configuration of accumulation 

50 counters using memories of a low hardware scale. 
[0122] Next, referring to Fig. 18 which shows an op- 
eration example, the load observation counter performs 
increment when receiving requested information, and 
decrement (-1) only when the accumulation counter has 

55 "0 n upon determination of scheduling. The accumulation 
counter adds observation results in a certain cycle, and 
is decremented upon determination of scheduling, and 
manages number of requests (load) within the predeter- 
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mined time. 

[0123] The reflection timing above is indicated as a 
result reflection frame. In the position where the reflec- 
tion frame is at high level "H", both the load observation 
counter and the accumulation counter are added, the 
accumulation counter is updated, the load observation 
counter is reset, and reflection is made to registers. This 
register is a bit-mapped register corresponding to each 
of the input lines, and set "1 n to it when the accumulation 
counter has value greater than "1". 
[0124] In other words, when scheduling is performed 
as many times as the number of requests that arrived 
within the predetermined time (strictly, it includes the 
number of requests left over from the previous observa- 
tion cycle) , the register is set to "0" . Thus, when per- 
forming scheduling, selecting from those input lines for 
which "1" is set in this register does ensure controlling 
the number of scheduling so that it does not exceed the 
number of requests arrived within the predetermined 
time. This register corresponds to load REG (= 1). In 
other words, the number of scheduling can be controlled 
according to the load (the number of requests that ar- 
rived within the predetermined time). 
[0125] In Fig. 18, since a packet indicated by the code 
b1 has arrived within the observation cycle, in the fol- 
lowing cycle scheduling for input line #b is performed for 
no more than 1 packet until the number of scheduling 
all the requested information that arrived in the previous 
cycle is performed. The reason the scheduling for the 
second packet b2 is performed is that scheduling for all 
the requests arrived in the previous observation cycle 
has been made in the period of time just before the cur- 
rent one. The load observation counter, accumulation 
counter, and register above is provided in the load ob- 
servation part 36. 

[0126] The load observation control flow is shown in 
Fig. 19. In processing steps S1901 through S1905, it is 
judged whether the predetermined time has elapsed or 
not. In S1901, the load observation reflection frame 
counter LT is incremented for each of the input lines in 
each packet time. In S 1902, it is judged whether the load 
observation counter LT is equal to the set value of load 
observation cycle T1 . This process ends after repeating 
the sequence of processes for a number of times of input 
lines (N) . 

[0127] Next, the load observation control 51906 
through S1916 is explained. In S1907, it is judged 
whether an arrived event of requested information from 
the input buffer part 1 or a determining event of sched- 
uling from the scheduler part 3 has occurred. If request- 
ed information arrives, in S1908, the frame count infor- 
mation of the arrived requested information is added to 
the load observation counter obs.cnt to measure the 
number of arrived requests within the predetermined 
time. 

[0128] When it is judged that the predetermined time 
has elapsed in S1906, in S1914 the value of this load 
observation counter obs.cnt is added to the accumula- 
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tion counter LD. cnt and then the load observation coun- 
ter obs.cnt is cleared. In S1915, if the accumulation 
counter LD.cnt is not "0", in S1916 the register LD.reg 
to indicate that the accumulation counter LC. cnt is 

5 greater than "O", is set. This register LD.reg is used in 
the load observation mode of the scheduling process. 
[0129] On the other hand, in S1096 if it is judged as 
a determining event of scheduling of the scheduler part 
3, first, in S1909 it is judged if the accumulation counter 

10 LD.cnt is W 0 W . If the accumulation counter LC. cnt is T 
or greater, in S1910, the accumulation counter LD.cnt 
is decremented (-1) ; if the accumulation counter LD.cnt 
is "0", in S 191 3 the load observation counter obs.cnt is 
decremented. 

is [0130] When the accumulated counter, LD.cnt, is dec- 
remented, in S 1 91 1 it is judged if the accumulated coun- 
ter LD.cnt is "0"; and when the counter value becomes 
"0 n , in S1912 the register LD. reg to indicate that the 
accumulation counter LD.cnt is greater than "1" is 

20 cleared. 

[0131] Although only a few embodiments of the 
present invention have been described in detail above, 
those skilled in the art will readily appreciate that many 
modifications are possible in the preferred embodi- 
25 ments without departing from the novel teachings and 
advantages of the present invention. Accordingly, all 
such modifications are intended to be included within 
the scope of the present invention as defined by the fol- 
lowing claims. 

30 

Claims 

1. A packet switch device having a plurality of input 
35 lines, a plurality of output lines and a switching unit 
and where a frame of data received on an input line 
of the plurality of input lines is stored as one or more 
fixed length packets in an input buffer correspond- 
ing to the input line, where a plurality of input buffers 
40 are provided corresponding to the plurality of input 
lines, each input buffer of the plurality having a buff- 
er memory that is logically divided into queues cor- 
responding to the plurality of output lines, the buffer 
memory for temporarily storing the fixed length 
45 packets, and the switching unit switching the fixed 
length packets read from the buffer memory to the 
plurality of output lines, the packet switch device 
comprising: 

so a scheduler, comprising: 

a scheduling process module in which a 
scheduling process is executed in a 
number of parallel processes correspond- 
55 ing to the number of the input lines, the 

scheduling process for scheduling sending 
of the fixed length packets from each input 
buffer to the switching unit, and 
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a sending status management module 
which manages a sending status of the 
fixed length packets constituting one frame 
for each of the input lines; and 

at least one result notification module for noti- 
fying the input buffers of the results of the 
scheduling process performed by the schedul- 
er; 

wherein, after the scheduling process sched- 
ules an input line.for sending of a fixed length 
packet from its corresponding input buffer, the 
scheduling process continuously schedules the 
input line until the sending of the fixed length 
packets constituting the same frame is com- 
pleted. 

2. The packet switch device of Claim 1, further com- 
prising: 

a plurality of schedulers corresponding to the 
plurality of output lines and each scheduler having 
a scheduling process module and a sending status 
management module, wherein each scheduling 
process module executes the scheduling process 
in a number of parallel processes corresponding to 
the number of the input lines, and the input line 
scheduled by a scheduler for sending the fixed 
length packets constituting the same frame is not 
scheduled by another scheduler. 

3. The packet switch device of Claim 2, wherein each 
of the schedulers further comprising: 

a request management module for managing 
requested transfer information being informa- 
tion about the fixed length packets stored in the 
input buffer for each of the input lines, and 
wherein the scheduling process module de- 
cides which input line and corresponding input 
buffer will send the fixed length packets on the 
basis of the requested transfer information from 
the request management module, information 
on which input line is not currently scheduled, 
and the sending status managed by the send- 
ing status management module. 

4. The packet switch device of Claim 3, further com- 
prising: 

a transmission medium serially connecting the 
plurality of schedulers and providing undeter- 
mined information which is the information on 
which input line is not currently scheduled; and 
a further transmission medium connecting the 
plurality of schedulers with one another for 
sending status information inputted into the 
sending status management module. 



5. The packet switch device of Claim 2, wherein the 
result notification module comprising: 

a control unit for monitoring whether or not the 
5 input buffer is sending the fixed length packets 

that constitute one frame based on the result 
information from the scheduled sending proc- 
ess; and 

a discarding process unit for discarding the re- 
10 suit information for an input buffer, wherein 

when notifying the result information for each 
of the plurality of schedulers to the plurality of 
input buffers, when the control unit monitoring 
the result information determines the result in- 
15 formation is inputted from a different scheduler 

when the input buffer has already received re- 
sult information for sending the fixed length 
packets that constitute a frame from another 
scheduler, the control unit instructs the discard- 
20 ing process unit to discard the results informa- 

tion from the different scheduler. 

6. The packet switch device of Claim 2, further com- 
prising: 

25 a unit for continuously expanding and con- 

necting the plurality of schedulers and the result no- 
tification modules as the plurality of output lines in- 
creases in a manner where the plurality of schedul- 
ers corresponds with the plurality of output lines. 

30 

7. The packet switch device of Claim 1 , wherein 

a plurality of fixed length packets constituting a 
frame include a first packet constituting a be- 

35 ginning of the frame and second packets con- 

stituting remaining packets of the plurality of 
fixed length packets constituting the frame, and 
the packet switch device further comprising: 
a unit provided at a front stage of the input buff- 

40 ers for adding a frame end identifier to a second 

packet when the second packet is also a last 
packet of the plurality of fixed length packets 
constituting the frame. 

45 8. The packet switch device of Claim 1, wherein the 
scheduling process module manages, according to 
a QoS class, the requested transfer information 
sent from the input buffers, and the scheduling proc- 
ess performs the scheduling process for sending 

so the fixed length packets with respect to the QoS 
class selected based on the results of both QoS 
bandwidth control and QoS priority control in the 
output lines. 

55 9. The packet switch device of Claim 2, wherein each 
of the schedulers further comprising: 

a load observation module for counting a 
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number of occurrences of requested transfer 
information inputted from the input buffers with- 
in a predetermined time; and 
an observation result reflecting module for in- 
structing a timing to notify the observation re- 
sult to the scheduling process module, the tim- 
ing being shifted by a unit of time for each of 
the input buffers; 

wherein the input buffer corresponding to the 
input line is selected according to a proportion 
of the number of occurrences of the requested 
transfer information that is observed. 

10. A packet switch device, for switching a frame of var- 
iable length data from input lines to output lines, the 
frame of variable length data being converted to a 
plurality of fixed length packets on each of which 
switching is performed, the packet switch device 
comprising: 

a plurality of input buffers, each input buffer of 
the plurality of input buffers corresponding to 
one of a plurality of input lines, and 
a scheduler to schedule fixed length packets so 
that the fixed length packets converted from the 
same frame of variable length data are contin- 
uously read out from an input buffer and 
switched, and according to an instruction from 
the scheduler, fixed length packets are read out 
from each of the input buffers and switched until 
sending of the fixed length packets to the same 
output line is completed. 

11. A scheduling control method for scheduling the 
switching of frames of data from a plurality of input 
lines to a plurality of output lines where each frame 
of data arriving on an input line is converted to at 
least one fixed length packet prior to switching, 
comprising the steps of: 

receiving requests to switch fixed length pack- 
ets from input lines to output lines where the 
request includes, a number of the fixed length 
packets constituting the frame of data, and an 
output destination; 

executing the scheduling process as a number 
of processes executed in parallel and where the 
scheduling process has scheduled an input line 
with the number of fixed length packets consti- 
tuting the frame of data to the output destina- 
tion, the input line remains scheduled until a 
last fixed length packet constituting the frame 
of data is sent; and 

controlling the scheduling process where an in- 
put line currently sending fixed length packets 
constituting the frame of data to be switched to 
the output destination will not be scheduled in 
another scheduling process until the last fixed 



length packet constituting the frame of data is 
scheduled. 

12. The scheduling control method of Claim 11 , further 
5 comprising the steps of: 

storing fixed length packets converted from 
frames of data received from the plurality of in- 
put lines in a plurality of input buffers provided 

10 corresponding to the plurality of input lines, 

each of the input buffers having a buffer mem- 
ory that is logically divided into queues corre- 
sponding to a plurality of output lines, and 
wherein the plurality of input buffers temporarily 

is store the fixed length packets; 

controlling, for each of the input buffers, a send- 
ing status of the fixed length packets constitut- 
ing one frame of data; and 
notifying result information of the scheduling 

20 process to a corresponding input buffer. 

13. The scheduling control method of Claim 11, wherein 

the scheduling process is executed in a plu- 
rality of time units corresponding to a number of the 
25 output lines, and is a pipeline process with the 
number of parallel processes corresponding to a 
number of the input lines. 

14. The scheduling control method of Claim 12, further 
30 comprising steps of: 

receiving QoS information with the receiving re- 
quests to switch fixed length packets from input 
lines to output lines, for each QoS class, and 
35 performing the scheduling process with respect 

to a QoS class selected based on the results of 
both QoS bandwidth control and QoS priority 
control of the output lines. 

40 15. The scheduling control method of Claim 12, further 
comprising steps of: 

counting a number of occurrences of receiving 
requests to switch fixed length packets within a 
45 predetermined time; 

instructing timing to reflect the counted result 
to the scheduling process, the timing being 
shifted by a unit of time for each of the input 
buffers; and 

so selecting the input buffer according to a propor- 

tion of the number of occurrences of requests 
to switch fixed length packets that is counted. 



16. In a packet switch device for switching a frame of 
55 variable length data from input lines to output lines, 
the frames of variable length data being converted 
to a plurality of fixed length packets on each of 
which switching is performed, a scheduling control 
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method comprising steps of: 

storing the fixed length packets, input from a 
plurality of input lines, in an input buffer provid- 
ed for each input line; 5 
scheduling the fixed length packets so that 
fixed length packets constituting one frame are 
continuously read out from an input buffer until 
sending of the fixed length packets constituting 
one frame to the same output line is completed; 10 
and 

reading the fixed length packets from the input 
buffer instructed by the scheduling. 

1 7. A packet switch device, for switching a frame of var- 1 5 
iable length data from input lines to output lines, the 
frame of variable length data being converted to a 
plurality of fixed length packets on each of which 
switching is performed, the packet switch device 
comprising: 20 

a plurality of input buffers to store fixed length 
packets, each input buffer of the plurality of in- 
put buffers corresponding to one of a plurality 
of input lines; 25 
a scheduler to schedule fixed length packets so 
that the fixed length packets converted from the 
same frame of variable length data are contin- 
uously read out among the input buffers; and 
a reader to read the fixed length packets from 30 
the input buffer based on the scheduling to a 
switch, 

1 8. A method of switching a frame of variable length da- 
ta from input lines to output lines, the frames of var- 35 
iable length data being converted to a plurality of 
fixed length packets on each of which switching is 
performed, a scheduling control method comprising 
steps of: 

40 

storing the fixed length packets, input from a 
plurality of input lines, in an input buffer provid- 
ed for each input line; 

scheduling the fixed length packets so that 
fixed length packets constituting one frame are «5 
continuously read out among the input buffers; 
and 

reading the fixed length packets from the input 
buffer based on the scheduling to a switch. 
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